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Description 

{0001] This invention relates to drop-on-demand multMone printing. 

[0002] in particutar, a first aspect of the present invention relates to a.method of operating a .drop-on-demand .multi- 
5 tone printing apparatus having a series of channels arranged to receive Ink from- a source, each channel having a 
respective ink outlet (usually, an appropriately shaped and dimensioned nozzle), each adjacent pair of the channels 
being separated by a respective dividing wall, and each dividing wall being movable in response to a pulsed electrical 
signals (for example using the piezo-electric effect) to apply pressure pulses to the ink in the respective pair of the 
channels, whereby ink can be ejected from the outlets and deposited onto a recording, medium. 
10 [0003] a problem with operating such an apparatus is that the signal applied to each dividing wall affects both of the 
channels to either side of that dividing wall. Patent document WO-A-96/1048B describes ways of dealing with this 
problem. 

(0004] in .one example described in printing of a Jine of pixels is divided into three cycles, in the 

first cycle, the dividing walls to either side of channels numbered, for example-, 1, 4, 7, ... are driven (if ink is to be 

ts ejected from them) with a pulsed signal. tn the second cycle, the dividing walls to either side of channels numbered 2, 
5, 8, ... are driven (if ink is to be ejected from them) with the pulsed signal, tn the fliird cycle, the dividing walls to eiflier 
side of channels numbered 3, 6, 9, ... are driven (if ink Is to be ejected from them) with the pulsed signal. Thus, the 
pressure pulses developed in the channels which are not included in the current cycle are no greater than % of those 
in the channels which are intended to eject ink. The printing apparatus is arranged so that such M? magnitude pulses 

20 do not ca use Ink ejection . 

[0005] tn another example described m WO-A-96710488, printing of a line of pixels is divided into two cycles. In the 

first cycle, the dividing walls to either side of channels numbered 1, 5, 9 for example, are driven (if ink is to be 

ejected from them) with a first pulsed signal, and the dividing walls to either side of channels 3, 7, 1 1 , ... are driven (if 
ink is to be ejected from them) with a second pulsed signal which is n radians outrof-phase with the first pulsed signal. 

25 the dividing wails to either side of the odd-numbered channels are ail driven, then the resultant pressure pulses 
applied to the even-numbered channels are zero, if the dividing walls to either side of only some of the odd-numbered 
channels are driven, then flie resultant pressure pulses applied to the even-numbered channels can be no more than 
of the magnitude of those applied to the intended channels. Again, the printing apparatus is arranged so that such 
% magnitude pulses do not cause ink ejection. Conversely, in the second cycle, the dividing walls to either side of 

30 channels numbered 2, 6, 10 for example, ere driven (if ink is to be ejected from them) with the first pulsed signal, 

and the dividing walls to either side of charmete 4, 0, 12, ... are driven (if ink is to be ejected from them) with the second 
pulsed signal which is n radians out-of -phase with the first pulsed signal. 

10006] A problem with the driving schemes described above is that the requirement for 2 / 3 or % of the channels not 
to be printing at any time, means that the speed of printing is not as high as might be desired. 

35 {0007] A first aspect of the present invention provides a method of operating a drop-on-demand multi-tone printing 
apparatus having a series of channels arranged to receive ink from a source, each channel having a respective Ink 
outlet, each pair of adjacent channels being s epar a te d by a respective dividing wall, and each dividing *wafl bBing 
movable in response to a respective pursed electrical signal applied thereto, hereafter called a "wall signar, to apply 
pressure pulses to the ink in the respective pair of the channels, whereby Ink can be ejected from the outlets and 

40 deposited onto a recording medium, the method comprising the steps of: 

developing for each channel a respective pulsed electrical signal; tterealtercalled a "channel signal", for application 
to the dividing walls defining the channel in dependence upon whether ink Is to be ejected from that channel, the 
channel signals for pairs of adjacent channels temporally overlapping each other and not being in phase with each 
45 other; and 

applying to each dividing wall as said wail signal a combination of the respective channel signals developed far 
the said pair of channels separated thereby, the wail signals respectively applied to the wails bounding a channel 
together causing droplet ejection when the channer signal for that channel so requires. 

so £0008] It might be expected that with such a method of operation, unwanted ink ejection will occur. However, as will 
be apparent from the following description, on the whole, the method enables no more than % size pulses to be applied 
to channels which are not intended to eject ink. When a particular channel ts intended to eject, and one of its adjacent 
channels is also, but the other adjacent channel is not. then the middle channel may be subjected to pulses which are 
slightly greater Than normal, slight distorted and/or slightly phase-shifted compared with normal, but these effects can 

55 be arranged so that they are not significant The method of this aspect of the invention enables ink to be ejected, when 
necessary, from all of the outlets at the same time, and thus the printing speed can be high. 
{0009] Preferably, toe channels ana arranged tn groups^ach containing a number X (X £ 3, for example four) of the 
channels, the signers developed for edjecent pairs of the channels being generally 2roi/X radians out of phase with 
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each other, where n is an fntegernor. equal toX Thus, there is a substarrtiaUyoonstantphase shift between one channel 
and the next. Preferably n and X have no common factors. 

{6616] Preferably, for each dividing watt, the applying step comprises the steps of: applying the signal eeveloped for 
the channel to one side of that dividing wad to an electrode on that side of the dividing watt; and appiying the signal 
£ developed for me channel to the after side of that dividing wail toen electrode-on that other side of the dividing wall. 
£00i1] Preferably, lines of pixels of the ink are deposited onto the recording medium m respective cycles; and, in 
each cycle, those ofthe channels which are to eject Irik In that cycle begin ejection at the beginning of tte cycle and 
continue ejection until part-way through, or the end of, the cycle. The effect of this is that, if there is a slight phase-shift 
when, as described above, a particular channel is ejecting, and one of its adjacent channels is also, but the other 
adjacent channel is not, two such phase shifts 1n opposite directions will not occur for a single channel in succession. 
[0012] The signals developed for each channel may be generally square-wave signals or generally sinusoidal. 
[0013] A second aspect ofthe present invention provides a drop-on-demand multi-tone printing apparatus, compris- 
ing: 

f 5 b series -of channels arranged to receive inkfroma source, each channel having a respective ink .outlet, each pair 
of adjacent channefs being separated by a respective dwiding waff, and each dividing wall being movable in re- 
sponse to a respective pulsed electrical signal applied thereto, hereafter called a "wail signal", to apply pressure 
pulses to the ink in the respective pair of the channels, whereby ink can be ejected from the outlets and deposited 
onto a recording medium; 

20 means for develo ping for each channel a respective pulsed electrical signal, hereafter mailed a "channel signal", 

for application to the dividing walls defining the channel In dependence upon whether ink 1s to be ejected from that 
channel, the channel signals for pairs of adjacent channels temporally overlapping each other and not being in 
phase with each other; and 

means for applying to each dividing wall as said wall signal a combination of the respective channel signals de- 
25 veiopedforthe said pair of charmels separated thereto, the wai 

a.channel together causing droplet ejection when the channel signat for that channel so requires. 

[0014] The printing apparatus may be provided with various features so as to perform the preferred steps of the 
method described above. 

30 {6615) A specific embodimentof thepresent invention will now be described , purely by wayof example , with reference 
to the accompanying drawings,, in which: 

Figure 1 is a schematic drawing of part of a printing apparatus; 

Figure 2 illustrates various sinusoidal signal waveforms produced in the apparatus of figure 1; 

35 Figure 3 Illustrates various signal waveforms produced in the apparatus when depositing the maximum 

amount of Ink; 

Figure 4 illustrates various signal waveforms produced in the apparatus TJuring an exampte of multi-tone 

printing; 

Figures 5 and 6 are phase diagrams used to explain the eperatfon ofthe apparatus; and 
40 Figure 7 is similar to figure 4, but illustrates a case where square-wave waveforms are used. 

fO01£] ReferringtofiguTBl , a drop^on-KjeTnand multi4one printing apparatus comprises a print head 10, part of which 
is shown in the drawing, which is fed from an ink reservoir 12; The print head 10 has a series of parallel wafls -14, which 
define between them a series of parallel channels 16. As viewed in the figure 1; the left end of each channel 16 corn- 
's municaies with the ink reservoir 12, and a nozzle 18 is provided at the right end of each channel 16. Each wall 14 is 
formed of a piazo-eJectric material oriented so that when an electric field of one. polarity Is applied, to it, the wall 14 
distorts so as to reduce the volume of the channel to one side of It and to Increase the volume of the channel on the 
other side of it. Conversely, when anelectricfieW of the oppositepda^tyis appfied» the waH 14 distorts so as to increase 
the volume of the channel on the one side and to decrease the volume of the channel on the other side. The changes 
so in volume produce pressure changes in the ink, so by applying streams of pulsiform signals to the walls 14. pressure 
pulses can be generated in the channels, causing streams of droplets 20 of ink to be ejected from the nozzles 18 
towards a r ec ording medium 22 such as a sheet of paper. By varying the lengths of the stream of pulses, the number 
of droplets which are ejected can be varied, so as to perform multi-tone printing. Once a line of pixels of ink has been 
deposited on the paper 22, the print head iOand paper 22 are moved relative to each other in the direction perpendicular 
5fi to the plane of the drawing of figure 1 , and a further line of pixels of ink can then be deposited. Alternatively, this relative 
movement may be continuous. The arrangement as described so far with reference to figure 1 is known, for example 
from patent documents WOA-95/25011 and WO-A-96/10488. 

[0017J As shown also in figure 1, a sine wave generator 24 is provided ..which produces a signal G(0). This is fed to 
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a series of three quarter-wave delay circuits 26 to produce signals G(1), G(2) and G(3) which phase lag the signal G 
(0) by rc/2, n and 3n/2 radians, respectively, as shown in figure 2. 

{00181 mfigure 1,onty four the channels 16 are shown, and the channels have respect! ve data inputs receiving 
binary signals 0(H), 0(N+1), D(N+2) and D(N+3). (For completeness, two other data inputs receiving binary signals 

5 D(N-T) and D(N+4) are also s'hown.JThe signal D(N) is used to control a switch 28 to produce a signal C(N) which is 
equal to the signal D(N) or is grounded, in dependence upon the logical state of the signal D(N). Similarly, the signals 
G(1 ), G(2), G(3) are switched by respective switches 28 under control of the signals D(N+ 1 ), D(N+2), D(N+3) to produce 
signals C{N+1), C(N+2) and C(N+3), respectively. This connection arrangement is repeated for every four input signals, 
e.g D<N+4) to D(N+7), D(N+fl) to D(N+11), and so on. Each signal C(i) Is applied to a pair of electrodes 30 on the 

10 piezo-electric walls 14 to either side of Its respective channel 16(i). The potential difference W(M)(i) across each wall 
14 between an adjacent pair of the channels 16(H), 16(i) is given by 

W(M )(i) = C(i) - C(i-1 ) equation 1 . 

15 

10019] The change in volume of a channel 16(i) caused by the applied signals is denoted in the drawings as V(i) and 
is proportional to the net displacement of the walls bounding the channel. The displacement of each wall is generally 
proportional to the potential difference across it. Hence, if the constant of proportionality is assumed to be unity, 

20 

V(j) = W(i) (M) - W(M) (i) equation 2 

10020] Figure 3 of the drawings show the above-mentioned signals plotted with a time abscissa in the case where 
all of the input signals D(i) have a logic level of 1 so as to print a line of maximum density on the paper 22. As can be 
25 seen, the change of volume waveforms V(i) are regular sinusoidal waves* and thus wen injection of the droptete 20 
is produced. 

10021] Figure 4 illustrates the case where, in a cycle between limeTI and fimeT2, the channels 16(N-1) and IB 
(N +3) are intended to eject droplets 20 for the complete cycle T1 to T2, the channels 1 6(N+ 1 ) and 1 6(N+4) are intended 
to eject droplets 20 for the first three-quarters of the cycle T1 to Tc, the channel 1 6(N) is intended to eject droplets 20 

30 for the first naif of the cycle T* to To, and the channel 16{N+2) is intended to eject droplets 20 for the first quarter of 
the cycle T1 to Ta. In Figure 4, the actual volume change waveforms V(N) to V{N+3) are shown in bold, and the 
waveforms of Figure 3, where different, are overlaid as feint traces so that a comparison can be easily made. 
10022] As can be seen, the volume changes V(N) in the channel 16(N) are, during the first half of the cycle T1 toTb, 
similar to those shown in figure 3 and cause a stream of droplets 20 to be ejected. In the third quarter of the cycle Tb 

35 to To, there are no volume changes in the channel ^N), and so no droplets 20 are ejected. In the fourth quarter of 
the cycle Tc to T2, the volume changes In the channel 1 6{N) have a 50% magnitude, and are insufficient to cause any 
droplets 20 to be ejected. 

[0023] The volume changes V(N*1) during the second quarter of the cycle Ta to Tb fn the channel 16(N+1), and the 
volume changes V(N+3) during the second and third quarters of the cycle Ta to Tc in the channel 16(N+3) will now be 
40 discussed. 

[0024] From equations ( 1 ) and (2) above, it follows (assuming constants of proportionality of unity) that 

V<N+1) = C(N+2)- (2XC(N+1)) + C(N) equation 3. 

45 

[0025] Referring to figure 5, during the period T1 to Ta, C(N), C(N+1) and C(N+2) are of equal amplitude, say unity, 
and mutually tagging by id2 radians. Therefore, V(N+1)has an amplitude of 2 which is ti radians out of phase "from C 
(N+1). During the period Ta to Tb, the amplitude of C(N+2) has become zero, and therefore the amplitude of V(N+1) 
increases to 2x(5/4)1« that is by a factor of 1.118 compared with the previous amplitude of V(N41), and its phase 
50 retards by tan- 1 tt, that is 26.6°, compared with its phase during the period T1 to Ta. During the period Ta to Tb. the 
amplitude of C{N) has also become zero, and so the amplitude and phase of V(N+1) revert to the same as during the 
period T1 to Ta, During the period Tc to T2, the amplitude of C(N+1) has also become zero, and therefore V(N+1) 
becomes zero. 

[0020] "Referring to figure 6, during the period T1 to Ta, C(N+2), C(N+3) and C{N+4) are of equal amplitude, say 
55 unity, and mutually lagging by iJ2 radians. Therefore, V(N+3) has an amplitude of 2 which is n radians out of phase 
from C(IM+3). During the period Ta to Tc, the amplitude of C(N+2) has become zero, and therefore the amplitude of V 
(N+3) increases to 2>c(5/4) iy2 , that is by a factor of 1.118 compared with the previous amplitude of V(N+3), and its 
phase advances by tarr 1 )*, that is 26.6°, compared with its phase during the period T1 to Ta. During the period Tc to 



T2, the amplitude of C(N+4) has also become zero, and so the amplitude and phase of V(N+3) revert to the same as 
during the period T1 to Ta. 

{6027] It wNI be appreciated that many modifications and developments may be made to the embodiment of the 
invention as described above. 

5 [0028] For example, waveforms other than sinusoidal waveforms may be used, for example square waveforms, as 
shown in figure 7, in which the inputs on line D are the same as in figure 4. Points of note in figure 7 are the volume 
changes V(N+1 ) during the second quarter of the cycle in the channel 1 6(N+1 ), and the volume changes V(N+3) during 
the second and third quarters of the cycle in the channel 16(N*3). Here, the waveforms are no longer square, but have 
portions removed from some parts of the waveform and added on elsewhere. It will be appreciated, however, the 

to apparatus can be constructed so that these irregular waves are sufficient to cause droptet ejection. 

[0029] In the embodiments described above, the channels 16 are grouped in fours, and signals are applied whlcti 
are phase-shifted by radians. Alternatively, the channels 1 6 may be grouped in larger groups, for example in groups 
of five or six, in which case the signals which are applied may be phase-shifted by 2w/5or k/3 radians. As a generality, 
the phase difference between the signals for adjacent channels is 2jrn/X where n is an integer. So far, the description 

*s has assumed that rr=1 , but for other values' of ri different prtase TetetionshipsiTray be obtained. 
[00301 The following table of examples illustrates the principle: 
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(0031) As can be seen for o=2, X=6 the effect is the .same as for n=1 , X=3. In other words if n and X have a common 
factor the effect is the same as If that factor is cancelled from n and X. By choosing n * 1 , with no common factor, the 
phase relationship between adjacent channels of 8 group can be changed without affecting me grouping of me charmels 
as a whole. In practice n is chosen to be less than X. For n greater than X, patterns for n<X are merely repeated. 
[0032] Temperature compensation techniques may be employed, for example as described in patent applications 
GB 9605547.0 and PCT/GB97/00733. 



Claims 

1 . A method of operating a drop-on-demand multi-tone printing apparatus having a series of channels (16) arranged 
to re^v^Jnk.froma soucce < 12), Bach channel 'having . a respective ink outlet (18), each pair of adjacent channels 
(16(1), 16{M)) being separated by a respective dividing wall {14), and each dividing wall being movable in response 
to a respective pulsed electrical signal (W(M)(i)) applied thereto, hereafter called a "wall signal", to apply pressure 
pulses to the ink in the respective pair of the channels (16(1), 160-1)), whereby ink can be ejected from me outlets 
(18) and deposited onto a recording medium (22), the method comprising the steps of: 

developing for each channel (16(0) a respective pulsed electrical signal (C(i)), hereafter called a "channel 
signat", for application to the dividing watte (14) tJefinmjg the channel (1 6(i)) m dependence upon whether Ink 
Is to be ejected from that channel, the channel signals (C(i), C(l-1 )) for pairs of adjacent channels (16(i), 16(i- 
1)) temporally overlapping each other and not being in phase with each other; and 

applying to each dividing wall (14) as said wail signal (W(i-1 )(i)) a combination of the respective channel signals 
(C(i), C(i-1)) developed for the said pair of channels (16(j) t 16(1-1)) separated thereby, the waii signals (W(i) 
(H1), W(M)(i)) respectively applied to the watts bounding a channel together causing droplet ejection whan 
the channel signal (C(t)) for that channel (16(i)) so requires. 
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2. A method as claimed in claim 1, wherein the channels (16) are arranged in groups each containing a number X 
of the channels, where X £ 3. the channel signals (C(i), C{l-1)) developed for pairs of adjacent channels (18(1), 16 
(M )) being generally 2tctt/X radians out of phase with each other, where n is an Integer not equal to x. 

s 3. A method as claimed in claim 2, wherein the number X is four. 

4. A method as claimed in any preceding claim, wherein, for each dividing wall (14), the wall signal comprises the 
combination of: 

10 the channel signal (C(i)) developed for the channel to one side of that dividing wait (14) and applied to an 

electrode (30) on that side of the dividing wall; and 

the channel signal (C(M)) developed for the channel to the other side of that dividing wall (14) and applied to 
an electrode (30) on that other side of the dividing 

15 5. A method as claimed In any preceding claim; wherein: 

lines of pixels of the ink are deposited onto the recording medium in respective cycles; and 

in each cycle, those of the channels which are to eject Ink in that cycle begin ejection at the beginning of the 

cycle and continue ejection until part-way through, or the end of, the cycle. 

'20 

6. A method as claimed in any preceding claim, wherein the channel signals developed for each channel are generally 
square-wave signals. 

7. A method as claimed In any of claims 1 to 5, wherein the channel signals developed for each channel are generally 
25 -sinusoidal. 

8. A drop-on-demand multMone printing apparatus, comprising: 

a series of channels (16) arranged to receive ink from a source (12), each channel having a respective ink 
outlet (18), each pair of adjacent channels (16(1), 16(M)) being separated by a respective dividing wail (14), 
and each dividing wall being movable in response to a respective pulsed electrical signal (W(l-1 ){i)) applied 
thereto, hereafter called a "wall signal", to apply pressure pulses to the ink in the respective pair of the channels 
(16(i), 16(i-1)), whereby ink can be ejected from the outlets (18) and deposited onto a recording medium (22); 
means (24, 26, 28) for developingjor each channel (16(0) a respective pulsed electrical signal (C(i)), hereafter 
called a "channel signal", for application to the dividing walls (14) defining the channel (16(1)) in dependence 
upon whether ink is to be ejected from that channel, the channel signals (C(i). C(i-1 )) for pairs of adjacent 
channels (i6fr) t i6(*Hl)) temporally overlapping each other and not being In phase with each other; and 
means (24, 26, 28) for applying to each dividing wall (14) as said wall signal (W(i-1)(i)) a combination of the 
respective channel signals (C(i), C(i-1 )) developed for the said pair of channels (1 6(1), 1 6(i-1 )) separated there- 
by, the wall signals (W{i)(i+1 ), W(M )(i )) respectively applied to the walls bounding a channel together causing 
droplet ejection when the channel signal (C(i» for that channel (16(i}> so requires. 

9. Apparatus as claimed in claim 8, wherein the channels (16) are arranged in groups each containing a number X 
of the channels, where X £ 3, the channel signals (C(i), C(M)) developed for pairs of adjacent channels (16(i), 16 

45 (j-1 )) being generally 2nn/X radians out of phase with each other, where n is an integer not equal to X. 

10. Apparatus as claimed in claim 9, wherein the number X is four. 

11. Apparatus as claimed in any of claims 8, 9 or 10 wherein, for each dividing wall, the means for applying the com- 
50 bination of channel signals comprises: 

means (24, 26, 26) for applying the channel signal (C(i)) developed for the channel to one side of that dividing 
wall to an electrode (30) on that side of the dividing wall; and 

means (24, 26, 28) for applying the channel signal (C(M)) developed for the channel to the other side of mat 
55 dividing wall to an electrode (30) on that other side of the dividing wall. 

12. Apparatus as claimed in any of claims 8 to 11 wherein: 
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the channel signals are such that in operation lines of pixels of the ink are deposited onto the recording medium 
in respective cycles; and 

tn each cycte, those of the channels which are to eject ink in that cycle begin ejection at the beginning of the 
cycle and continue ejection until part-way through, or the end of, the cycte. 

5 

1 3. Apparatus as claimed in any of claims 8 to 1 2, wherein the channel signals developed for each channel are generally 
square-wave signals. 

14. Apparatus asclaimed in any of claimsS to 12, wherein the channel signals developed foreach channel aregenerally 
to sinusoidal. 



Patentansprilche 

*5 1 . Verfahren zum Betreiben einer Druckvorrichtung mit mehreren Tonwerten und Tropfen auf Anforderung {drop-on- 
demand) mit einer Serie von KanSlen (16), welcne angeordnet sind, um'Tinte von einer Quelle (12) zu erhalten, 
wobei jederKanal jeweiis einen Tintenauslass (18) aufweist, wobei jedes Paarvon benachbarten Kanfilen (16(i), 
16(i-1)) getrennt ist durch eine jewellige Trennwand (14), und jede Trennwand 1st bewegbar in Reaktion auf ein 
jeweiis gepufstes elektrisches Signal (W(i-1 )(!)), welches daran angelegt wlrd, hlemach als ein "WandsignaT be- 

20 zeichnet, urn Oruckimpulse an die Tinte in dem jeweiligen Paarder Kanflle <16(i). 16(1-1 )) anzulegen, wodurch die 

Tinte von den AuslSssen (18) ausgestofien und auf einem Aufzeichnungsmedium (22) abgelagert werden kann, 
wobei das Verfahren die Schritte aulwelst: 

Entwickeln eines jeweiligen gepulsten eiektrischen Signals <C(J)) fDrJeden Kanal (16(1)), hlemach eln "Kanal- 
25 Signal" genannt, zum Anlegen andie Trennwflnde <14), welche den Kanal <16(i» definiereni In Abhflngigkeit 

davon, ob eine Tinte von diesem Kanal ausgestofien werden soil, wobei sich die Kanal^Slgnale (CO), C(l-1)) 
fDr Paare von benachbarten Kanflten (16(1), 16(H)) zeltiich miteinander Oberlappen und mitelnander nicht in 
Phase sind; und 

Anlegen einer Kombination der jeweiligen Kanai-Signale (C(i), C(i-1 )) an jede Trennwand (14) ais das Wand- 
30 signal (W(i-1)(i)), welche entwickett wurden fOr das Paar der Kanfile (16(i), 16(i-1)), welche dadunch getrennt 

sind, wobei die Wandsignale^WflXrM ), W(H )(i)), welche jeweiis an die Wande welche etnen Kanal begrenzen 
angelegt werden, zusarrrmen das Ausstofien eines Tr6pfchens verursachen, wenn das Kanal-Signal (C(i))fOr 
diesen Kanal (16(1)) dies verlangt. 

35 2. Verfahren nach Anspruch 1 , wobei die KanSle (16) in Gruppen angeordnet sind, welche jeweiis eine Anzahl X der 
Kanflle enthatten, wbei X £3. wobei die Kanat-Signale (C(l), C(M)), wetehe entwickett wuiden fQr Paare von 
benachbarten Kanalen (16(i), 16(i-1)) im Ailgemeinen 2jtn7X Radiant aufiertialb der Phase zueinander liegen, 
wobei n eine ganze Zahl ungleich X 1st. 

40 3. Verfahren nach Anspruch 2, wobei die Anzahl X vier ist. 

4. Verfahren nach eiflem der vorhergehenden AnsprQche, wobei for jede Trennwand (14) das Wand-Signal eine 
Kombination aufweist aus: 

45 dem Kanal-Signal (C(IJ), welches entwickett wurde fQr den Kanal auf einer Selte dieser Trennwand (14) und 

angelegt an eine Eiekfrode (30) auf dieser Selte der Trennwand; und 

das Kanal-Sfgnal (C(l-1 )), welches entwickett wurde fQr den Kanal an der anderen Seite dieser Trennwand 
(14) und angelegt an eine Hektrode (30) auf dieser anderen Sette der Trennwand (14). 

so 5. Verfahren nach einem der vorhergehenden Ansprflche, wobei: 

Zeilen von Pixeln bzw. Bildelementen der Tinte auf dem Aufzeichnungsmedium in jeweiligen Zyklen abgelagert 
werden; und 

in jedem Zyklus diejenigen der Kanfile, welche Tinte in diesem Zyklus ausstotlen soilen, mit dem Aussto&en 
55 beim Beginn des Zyklus beginnen und mit dem Ausstofien fbrtfahren bis zu einem Teirweg durch oder dem 

Ende des Zyklus. 

6. Verfanrenfiach einem dervorhergehenden Ansprflche, wobei die Kanal-Signale, welchefQr jeden Kanal entwickett 
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wurden, Jm AJlgemeinen rechteckformige Signale slnd. 

7. Vertahren nach einem der AnsprOche 1 bis 5, wobei die Kanal-Signale, weiche fQr jeden Kanal entwickeit wurden, 
im Allgemeinen.sinusf6rmig sind. 

5 

8. Druckvorrichtung fQr mehrere Tonwerte fQr einen Tropfen auf Arrforderung (drop-on-demand) mit 

einer Serte von Kanfiten (16) weiche angeordnet sind T um Ttnte von einer Quelle (12) zu erhalten, wobei Jeder 
Kanal jeweils einen Tlntenauslass (16) aufweist, wobei jedes Pear hier von benachbarten Kanfilen (16(i), 16 
10 (H)) getrennt istdurch eine jeweilige Trennwand (14), und jede Trennwand ist bewegbar in Reaktion auf ein 

jeweils gepulstes elektrisches Signal (W(M)(i)), welches daran angelegt wlrd, hlernach als ein "WandsignaT 
bezeichnet, urn Druckimpulse an die Tinte in dem jeweiligeh Paar der Kanfile (16(i), 16(i-1 )) anzulegen, wo- 
durch die T3nte von den Ausliissen (1fl) ausgestofien und auf einem Aufeeichnungsmedium (22) abgeiagert 
warden kann; 

n emer Vorrichtung (24, 26, 28) zum Entwickeln eines jewefls geputeten elektrischen Signals (C(i)) fDr jeden 

Kanal (16(0), tiiernach ein *KanaVSigna1" genannt, zum Anlegen an die Trennwande (14), weiche den Kanal 
(16(i)) definieren, in Abhfingigkeit davbn, bb eine Tinte von diesem Kanal ausgestoOen werden soli, wobei 
sich die Kanal-Signale (C(i), C(M)) fur Paare von benachbarten Kanfilen (16(4). 16(H)) zeitllch miteinander 
Obertappan und nicht miteinander in Phase sind; und 

20 einer Vorrichtung {24, 26, 28) zum Anlegen einer Kombinatton der jeweliigen Kanal-Signale (C(i). C(M )) als 

das Wandsignai (W(M )(i)) an jede Trennwand (14), weiche entwickett wurden fQr das Paar der Kanfile (16(i), 
1 6(i-1 )), weiche dadurch getrennt sind, wobei die Wandsignaie (W(i)(i+1 ), W(M )(i)). weiche jeweiis angelegt 
werden an die Wfinde, weiche zusammen einen Kanai begrenzen, einen Tropfchen-AusstoB verursachen, 
wenn das Kanal-Signat(C(i))fOr diesen Kanal (16(1)) dies so erfordert. 

25 

9. Vorrichtung nach Anspruch 8, wobei die Kanfile (16) in Gruppen angeordnet sind, weiche jeweils eine Anzahl X 
der Kanfile enthaiten, wobei X 2>3, wobei die Kanal-Signale (C(Q, C(M}), weiche entwickeit wurden fDr Paare von 
benachbarten Kanaien (16(i), 16(i-1)) im Allgemeinen 2itn/X Radiant auBerhalb der Phase zueinander liegen, 
wobei n eineganze Zahl ungieich X ist. 

30 

10. Vomchtung nach Anspruch 9, wobei die Anzahl X vier Ist 

1 1 . Vorrichtung nach einem der AnsprOche 8, 9 Oder 1 0, wobei fQr jede Trennwand die Vorrichtung zum Anlegen der 
Kombination der Kanal-Signale aufweist: 

35 

eine Vorrichtung (24, 26, 28) zum Anlegen des Kanal-Signais (C(i)) t welches entwickeit wurde fQr den Kanal 
an einer Sefte dleser Trennwand an eine Elektrode (30) auf dieser Selte der Trennwand; und 
eine Vorrichtung (24, 26, 28) zum Anlegen des Kanal-Signals (C(i-1)), welches entwickeit wurde TO r den Kanal 
an der anderen Seite dieser Trennwand an eine Elektrode (30) auf dieser anderen Selte der Trennwand. 

40 

12. Vorrichtung nach einem der AnsprOche 8 bis 11 , wobei: 

die Kanal-Signale so sind, dass beim Betrieb Zeilen von Pixeln der Tinte auf dem Aufzeichnungsmedium in 
jeweiiigen Zyklen abgeiagert werden; und 
45 in jedem Zyklus diejenigen der Kanfile, weiche Tinte in diesem Zyklus ausstoOen sollen, mit dem Ausstoften 

beim Anfang des Zyklus anfangen und mit dem Ausstafien fbrtfahren bis zu einem Tell durch Oder dem Ende 
des Zyklus. 

13. Vorrichtung nach einem der AnsprOche 8 bis 12, wobei die Kanal-Signale, weiche fQr jeden Kanal entwickeit wur- 
so den, im Allgemeinen rechteckformige Signale sind. 

1 4. Vorrichtung nach einem der AnsprOche 8 bis 1 2, wobei die Kanai-Signaie, weiche fOr jeden Kanal entwickeit wur- 
den, im Allgemeinen sinusformlg sind. 

55 

Revendications 

1 . Procede de commande d'un appareil depression a tons multiples a goutte a la demande comprenant une serie 
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de canaux (16) agences pour recevoJr de J'encre venant d'une source (12), cheque canal ayant une sortie d'encre 
respective (18), deux canaux accents quelconques .(16.(1), 16(1-1)) etant separes par une paroi de separation 
respective (14) et cheque parol de separation etant deplacabie en reponse a un signal electrique pute6 respectif 
(W<MX0) applique a cette paroi, appele darts ce qui suit "signal de paroi", pour appliquer des impulsions de 
5 pression a rencre dans Tes deux canaux respectifs (16(1), 16(M)) de sorte que de Tencre peut 6tre ejectee aux 

sorties (18) et deposee sur un support d'enregistrement (22), le proc6de comprenant les etapes de : 

generation, pour chaque canal (16(1)), d'un signal electrique pulse respectif (C(i)), appele dans ce qui suit 
"signal de canal", pour application aux parois de separation (14) definissent le canal (1-6(1)) en fbnction de ce 
10 que de rencre doit ou non etre ejectee de ce cana*. les signaux de canal (C(i), C(M)) pour deux canaux 

adjacents quelconques (16(i), 16(i-1)) se chevauchant temporettement et rfetant pas en phase Tun avec 
rautre ; et 

application a chaque paroi de separation (14); comme dit signal de paroi (W(MXift d'un« combinaison des 
signaux de canal respectifs (C(i), C(l-1 )) engendres pour les dits deux canaux (16 (I), 16 (i-1 )) separes par 
is cette paroi, les signaux de paroi (W(l)(i+1), W0-1)(l)) respectivement appliques aux parois qui delimiterft un 

canal provoquant ensemble une ejection de gouttelette lorsque le signal de canal (C(l)) pour ce canal (16(i)) 
le demande. 

2. Procede salon Ja revendication 1, dans lequel les canaux (16) sont agences en groupes contenant chacun un 
20 nombre X de canaux, ou X 3, les signaux de canal (C(l), C(M)) engendres pour deux canaux adjacents quelcon- 
ques (16(1), 16(i-1 )) etant sensiblement mutueilemerrt dephases de 2*n/X Tadians, ou n est un entier non egal a X, 

3. Procede selon la revendication 2, dans lequel le nombre X est de 4. 

25 4. Procede selon une quelconque des revindications precedentes, dans lequel, pour chaque paroi de separation 
(14), le signal de paroi comprend en combinaison : 

le signal de canal (C(i)) engendre pour le canal situe d'un cfite de cette parol de separation (14) et applique 
a une electrode (30) sur ce cdte de la paroi de separation ; et 
30 \e signal de canal (C(l-1)) engendre pour le canal situe de rautre cGte de cette paroi de separation (14) et 

applique a une electrode (30) sur cet autre cdte de la paroi de separation. 

5. Procede selon une quelconque des revertdteations precedentes, dans lequel : 

36 des Ugnes de pixels de I'encre sont deposees sur le support d'enregistrement dans des cycles respectifs ; et 

dans chaque cycle, ceux des canaux qui doivent ejecter de I'encre dans ce cycle commencent rejection au 
debut du cycle at poursurvent rejection pendant une partle du cycle ou jusqtfa Ja fin du cycle. 

6. Procede selon une quelconque des revendications precedentes, dans lequel 1es signaux de canal engendres pour 
40 chaque canal sont des signaux sensiblement a onde carree. 

7. Procede selon une quelconque des revendications 1 a 5, dans lequel les signaux decanal engendres pour chaque 
canal sont sensiblement sinusoTdaux. 

46 8. Appareil d'impression a tons multiples a goutte a la demande, comprenant : 

une serie de canaux (16) agences pour recevoir de rencre venant d'une source (12), chaque canal ayant une 
sortie d'encre respective (18), deuxcanauxaofacents quelconques (16(1), 16(H)) etant separes par une paroi 
de separation respective (14) et chaque paroi de separation etant deplapabie en reponse a un signal electrique 

so pulse respectif (W(l-1 )(!)) applique a cette paroi, appele dans ce qui suit "signal de paroi", pour appliquer des 

impulsions de pression a I'encre qui se trouve dans les deux canaux respectifs (16(1), 16(1-1))* de sorte que 
de I'encre peut etre ejectee aux sorties (18) et deposee sur un support d'enregistrement (22) ; 
des moyens(24, 26, 28)de generation, pour chaque canal {16(1)), d'un signal electrique pulse respectif (C(i)) f 
appele dans ce qui suit "signal de canal", pour- application aux parois de separation (14) qui definissent le 

55 canal (16)(i)) en fonction de ce que I'encre doit ou non etre ejectee de ce canal, les signaux de canal (C(l)), 

C(i-1)) de deux canaux adjacents quelconques (16(1), 16(1-1)) se chevauchant temporal lament et n'etant pas 
en phase I'un avec (autre ; et 

des moyens (24, 26, 28) pour appliquer a chaque paroi de separation (14), comme dit signal de paroi (W(M ) 
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(I)), une combinalson de slgnaux de canal respectlfs (C(l), C(i-1)) engendres pourles dlts deux canaux (16(0, 
1 6(H)) eepares par cette paroi,. les slgnaux de parol (W(l)(l+1),. W0-1 J(Q) respectivement appliques aux parois 
qui dellmttent un canal provoquant ensemtte rejection de gouttalettes torsquete signal de canal <C(i)) pour 
ce canat "(t6fl)) te demartde. 

9. Appareil selon la revendlcation 8. dans lequel tes canaux (16) sont agences en groupes contenant chacun un 
nombre X de canaux, ou X 3 4 les slgnaux de canal (C(i), C(M)) engendres pour deux canaux adjacents quelcon- 
ques ilGQ) r 16(V1}} atant sensibiementdephases de .2«n/X radians iun par rapport a I'autre, ou n ast un entier 
non egal aX. 

IB. Appareil selon fa revendlcation 9, dans lequel 1e nombre X est de 4. 

1 1 . Appareil selon une quelconque des revendicatlons 8. 9 ou 10, dans lequel, pour chaque parol de separation, les 
moyens d'application de ta combinalson de slgnaux de canal comprennent : 

des moyens (24, 26, 28) d'appflcation du signal de canaf (C(l))> engendre pour te canat sltue d'un cde de cette 
parol de separation, a une electrode (30) place sur ce cote de la paroi de separation ; et 
des moyens. (24, 26, 28) d'application du signal de canal (C(l-t)) engendre pour le canal sltue de I'autre cote 
de cette paroi de separation a une electrode {30) places, sur cet autre cote de la paroi de separation. 

12. Appareil seton une quelconque desrevendications 8 a 11, dans tequel ; 

ies slgnaux de canal sont teJs que, an fonctionnement, des Jignes de pixels de J'encre sont deposees sur le 
support d'enreglstrement dans des cycles respectifs ; et . 

dans chaque cycle, ceux dee canaux -qui -doiverrt ejector <le Ignore -dans ce cycle oommen cent rejection au 
deotrt du cycte et corrtfntrent l'6juclion pendant one pdt lie ou jusqu'd ta frndu cycle. 

1 3. Appareil selon une quelconque des revendications 8 a 12, dans lequel les slgnaux de canal engendres pour chaque 
signal sont des slgnaux sensiblement a onde carree. 

14. ApparatfsalcfrtfneqttetcOTque dans lequeflesslgrtsra decanal 
canat sont sensiblement sinusoTdaux. 
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